Surfactant protein B (SP-B) deficiency is a rare but lethal genetic disease of neonates that results in severe respiratory distress with no available treatments other than lung transplantation. The present study describes a novel treatment for this disease by transferring the SP-B gene to the lungs using electric fields in a mouse model. The procedure is safe and results in enough expression of exogenous SP-B to improve lung histology, lamellar body structure, and survival. If extended to humans, this approach could be used to bridge the time between diagnosis and lung transplantation and could greatly increase the likelihood of affected neonates surviving to transplantation and beyond.
Introduction
Pulmonary surfactant is a phospholipid-rich lipid-protein complex that stabilizes lung alveoli by reducing the surface tension at the alveolar air-liquid interface to facilitate gas exchange. Surfactant protein B (SP-B) is particularly important to facilitate lipid adsorption and the formation of the surface active film.
1 SP-B deficiency is a rare but lethal disease of neonates caused by an autosomal recessive mutation on chromosome 2, resulting in loss of SP-B. 2, 3 There are an estimated 1 in 1 million infants affected in the United States.
The classic presentation of SP-B deficiency is severe respiratory distress in term infants resembling respiratory distress syndrome. 2 This congenital surfactant deficiency is refractory to exogenous surfactant administration and currently there are no treatments available for SP-B deficiency other than extracorporeal membrane oxygenation (ECMO) as a bridge to lung transplantation. [4] [5] [6] Given that SP-B deficiency is a monogenetic disorder, it is an excellent target for gene therapy.
While the generally perceived goal of gene therapy would be to correct this gene deficiency for the lifetime of the affected individuals, gene therapy also could prove to be a novel treatment option to improve morbidity and mortality until time of lung transplantation. Following diagnosis of SP-B deficiency, the mean time to transplant is 2.5 months, with near certain mortality by six months without transplant. 5, 6 Thus, gene therapy could be used effectively in the short term as a means to bridge this gap and ensure higher likelihood of transplantation and improved condition at time of transfer. In the past, several attempts using adenoviral vectors for gene delivery were studied in a mouse model. 7, 8 Low levels of transgene expression and a lack of studies on therapeutic efficacy make this approach a less than attractive option. Further, viral vectors used to transfer the gene for SP-B can induce mild inflammation, 9 and in the setting of a very sick, fragile infant, any additional inflammation could be devastating.
We have developed an electroporation-based technique that involves using mild electric fields to deliver genes to the lungs of living animals. 10, 11 The method is safe, fast, inexpensive, and results in high-level expression of transgenes. Most importantly, the approach causes little to no inflammation and is extremely well tolerated, even in animals with existing lung injury. [10] [11] [12] [13] [14] In the present study, we evaluated this approach to deliver SP-B-expressing plasmids to the lungs to restore SP-B production in a compound knockout mouse model of SP-B deficiency. The mouse model uses mice that have been genetically engineered to have both copies of their SP-B gene knocked out but carry an additional tetracycline-inducible copy of the SP-B gene. 15, 16 When these mice are fed doxycycline, they produce SP-B and show no phenotype, but when doxycycline is removed, SP-B levels fall, resulting in respiratory failure and death within five to seven days. Our studies show that electroporation-mediated gene delivery of SP-B-expressing plasmids results in increased levels of SP-B and a clear survival benefit in the SP-B-deficient mice.
Materials and methods

Plasmids
The human SP-B coding sequence was amplified by PCR from human lung cDNA (Stratagene, San Diego, CA; 5 0 ACGTACGTAAGCTTATGGCTGAGTCACACCTG-CTG CAGTGGC-3 0 and 5 0 TAGTAGCCGAATTCTCAAAG GTCGGGGCTGTGGATA CACTGG-3 0 ). The product was digested and cloned into the EcoRI and HindIII sites of the appropriate plasmids. pUbC-SPB expresses SP-B from the Ubiquitin C promoter in pUB6/V5 (Invitrogen, Carlsbad, CA) and pCMV-SPB expresses human SP-B from the CMV promoter. All plasmids were verified by DNA sequencing, purified from E. coli using Qiagen gigapreps (Qiagen, Chatsworth, CA) and suspended in 10 mM Tris (pH 8.0), 1 mM EDTA, and 140 mM NaCl.
In vivo gene transfer to the lung
Six-to eight-week-old female and male compound transgenic SPB mice were anesthetized with 3% isofluorane. A volume of 50 ml of plasmid (100 mg in 10 mM Tris, pH8/1 mM EDTA/140 mM NaCl) was administered in the oropharynx with immediate closure of nares, causing the mice to aspirate the solution. The mice were placed under 3% isofluorane again and pediatric cutaneous pacemaker electrodes (Quick-Combo RTS; Medtronic PhysioControl Corporation, Redmond, WA) were placed on either side of the chest under the forelimbs. A small amount of Surgilube (E. Fougera and Company, Melville, NY) was applied to the electrodes, which are held in place by surgical tape. Immediately following aspiration and placement of the electrodes, a series of eight square-wave electric pulses at a 10 msec/pulse were administered at 1 Hz using an ECM830 electroporator (BTX, San Diego, CA), applying a field strength of 200 V/cm. 10 The mice were allowed to recover from anesthesia in room air and were then returned to the vivarium. Mice were observed for signs of distress at least twice daily. At the specified time point or when mice began to show signs of impending respiratory failure, mice were euthanized and the lungs were removed and analyzed. In all experiments except survival studies, 4 or 5 mice were used per condition as indicated; survival experiments used 18 mice per condition. All experiments were repeated at least twice. All experiments were conducted in accordance with institutional guidelines in compliance with the recommendations of the Guide for the Care and Use of Laboratory Animals and with approval from the Institutional Animal Care and Use Committee.
Histological analysis
Paraffin embedded thin sections (5 mm) were cut from lungs inflated to total lung capacity with 10% buffered formalin immediately after mice were euthanized. Slides were deparaffinized and stained with hematoxylin and eosin. Immunofluorescent staining was carried out on deparaffinized sections as described, 17 using a rabbit polyclonal antibody against pro-and mature SP-B (#40876; Abcam, Cambridge, MA) and a mouse monoclonal antibody against ABCA3 (clone 13-H2-57; Seven Hills Bioreagents, Cincinnati, OH), followed by fluorescently-labeled secondary antibodies, and mounted with DAPI.
Transmission electron microscopy methods
Mouse lungs were inflated to total lung capacity with 2.5% glutaraldehyde and 4.0% paraformaldehyde in 0.1 M sodium cacodylate buffer. Each lung was trimmed from the same lobe into smaller pieces, rinsed in buffer and post-fixed 90 min in 1.0% KFeCN/1.0% osmium tetroxide in 0.1 M sodium cacodylate buffer. The tissue was dehydrated at 45 min intervals through a graded series of ethanol up to 100% (Â3), transitioned through propylene oxide (twice at 60 min each), then propylene oxide/EPON araldite (1:1 for 60 min) prior to infiltration with 100% EPON/araldite epoxy resin (60 min, then overnight). The next day, the lung tissue was embedded into BEEM capsules containing fresh epoxy resin and polymerized for 48 h at 60 C. Polymerized blocks were cut at 1 mm and stained with Toluidine blue to evaluate areas to be thinsectioned (70 nm) using a diamond knife and a Boeckler PTXL ultramicrotome. Thin-sections were placed onto nickel formvar/carbon-coated slot grids and stained with aqueous uranyl acetate and lead citrate. A Hitachi 7650 transmission electron microscope with an attached Gatan Erlangshen 11 megapixel digital camera was used for ultrastructural analysis and photography. To quantitatively analyze lamellar bodies, between 70 and 110 type II pneumocytes were imaged at 15,000Â magnification for each condition. The number of lamellar bodies in each cell was counted, their size measured, and their phenotype was assessed as either containing packed electron-dense, concentric surfactant, or having a bubbly appearance with no organized lamellae as previously described. 18 
SP-B analysis
Lung tissue was homogenized in DTT-free Promega passive lysis buffer (Promega) using a Qiagen TissueLyserII (Qiagen, Chatsworth, CA). Total lung protein (35 mg) was separated under non-reducing conditions on Bio-Rad Ready Gel 4-20% gradient precast gels and transferred onto nitrocellulose membranes. SP-B was detected with a polyclonal rabbit antiserum (#40876; Abcam, Cambridge, MA), followed by chemiluminescence detection and analysis of digitized films using ImageJ (ImageJ U.S. NIH, Bethesda, MD).
Lung myeloperoxidase analysis
MPO assays were carried out on lung homogenates (n ¼ 4 per condition) as previously described. 19 
Statistical analysis
Data are presented as the mean AE SEM and P < 0.05 (two tailed) was considered statistically significant. Western blot densitometry and Kaplan survival analysis were analyzed using Graphpad Prism Software 5.0 (Graphpad Software, La Jolla, CA).
Results
Expression of SP-B in an SPB deficient mouse model after electroporation-mediated gene delivery
To determine whether electroporation could be used as a suitable method for gene delivery of a human SP-B plasmid, we assayed gene delivery in a mouse model that demonstrates SP-B deficiency. The human SP-B coding sequence was cloned behind one of two promoters for these studies: the CMV immediate early promoter/enhancer for short-term robust expression (<7 days) 20, 21 and the UbC promoter for sustained expression (!6 months). [22] [23] [24] Doxycycline was removed from the diet and gene delivery was performed on the same day. Mice (n ¼ 4) were then fed a normal diet (no doxycycline) for the remainder of the experiment. Since the compound knock-out mice die between five and seven days without maintenance on doxycycline, 15 we evaluated expression of SP-B four days after gene delivery, at a time before onset of severe respiratory distress. 15 Removal of doxycycline from the diet resulted in almost a 20-fold drop in mature SP-B protein in lung homogenates ( Figure 1 ). Electroporation-mediated gene transfer of plasmids expressing SP-B from the Ubiquitin C promoter gave the highest levels of expression in mice, almost 8-fold above that seen in mice that received either no DNA or the empty plasmid pCDNA3 alone (Figure 1 ), but was still less than half that seen in animals maintained on doxycycline. SP-B expression was somewhat more variable and slightly less ($5-fold) in animals that received the CMV promoterdriven construct pCMV-SPB, but expression was still statistically significantly above that seen in untreated mice. In all mice, only the mature 18 kdal SP-B dimer was detected on blots from non-reducing gels; no 23 kdal or 42 kdal precursors were detected.
In addition to assaying the total SP-B protein expressed in lung homogenates four days after gene delivery and doxycycline removal in the compound transgenic mice, immunofluorescence staining for SP-B was performed on thin sections from the lungs of the animals. Since electroporation-mediated gene transfer to the lungs has been shown to deliver DNA to all cell types throughout the lung, we wanted to determine whether the delivered SP-B transgenes caused expression in multiple cell types in the lung as well. Since alveolar epithelial type II cells are the only cells in the lung shown to express correctly processed SP-B, we co-stained for these cells using an antibody against ABCA3 ( Figure 2 ). In animals maintained on doxycycline, SP-B protein was detected exclusively in alveolar epithelial type II cells in the parenchyma. However, there also were a limited number of epithelial cells in the airways that were not ABCA3 positive but did show very high levels of SP-B protein. When doxycycline was removed, almost no SP-B protein was detected in the parenchyma, and a reduced number of airway epithelial cells moderately stained for SP-B compared to the doxycycline-fed mice. Electroporation of pCMV-SPB plasmids resulted in high numbers of SP-B positive cells, almost all of which were type II cells (based on ABCA3 staining), although the intensity of the staining was not as great as in doxycycline-fed mice. As in the mice receiving no DNA and no doxycycline, there were relatively few SP-B positive cells in the airway, although they were detected. Finally, electroporation of pUbC-SPB plasmids also resulted in a number of alveolar cells showing SP-B expression, although a number of these cells gave intense SP-B staining but did not co-localize with ABCA3, indicating that at least some of the cells receiving and expressing SP-B in the parenchyma were not type II cells. Further, the number of SP-B positive cells in the airways of these mice was much greater than seen under any other condition. Taken together, the results are consistent with the levels of total SP-B protein expression seen by Western blot.
Effects of SP-B gene delivery on lung histology in an SPB deficient mouse model
Differences between animals receiving the different plasmids were noted when histology was performed on lung sections that were stained with Hematoxylin and Eosin ( Figure 3 ). When analyzed four days after removal of doxycycline, mice that had received the empty plasmid consistently showed thickened alveolar walls, increased cellularity, and interstitial edema, as would be expected in Barnett et al. Gene therapy for SPB deficiency 1347 animals with partial SP-B deficiency, 18 compared to the mice that had received SP-B-expressing plasmids. Further, the increased inflammatory infiltrates seen by histology in mice receiving no DNA or empty plasmid without doxycycline were confirmed by measuring MPO activity in lung homogenates (Figure 4 ). Mice that had received pUbC-SPB continued to show some alveolar wall thickening, but this was focal and heterogeneous and the majority of the lungs had more normal looking alveoli, compared to those receiving the empty plasmids or no DNA. MPO activity in these mice was also reduced compared to those receiving empty plasmid or no DNA. Mice receiving the SP-B plasmid driven by the CMV promoter had the healthiest appearing lungs with enlarged alveoli, thin alveolar walls, very little cellularity or interstitial edema, and low MPO activity.
Effects of SP-B overexpression on lamellar body structure in SPB deficient mice Transmission electron microscopy was carried out on thin sections of lung from compound transgenic SP-B mice that received either an empty plasmid (pcDNA3) or SP-B-expressing plasmids pCMV-SPB or pUbC-SPB. Gene transfer occurred at day 0, simultaneous with removal of doxycycline from the diet and lungs were removed and inflation-fixed four days later. To determine the effects of SP-B gene transfer on lamellar body structure, between 70 and 110 type II pneumocytes from each condition were imaged at the same magnification and contrast by electron microscopy ( Figure 5 ). Although this simple method of analyzing lamellar bodies (or any subcellular organelle) in such two-dimensional images is inherently biased toward large lamellar bodies, because the probability that an organelle is sampled on a 2 dimensional section depends on the particle size, 25 many studies have taken a similar approach. 18, 26, 27 When lamellar bodies in each cell were analyzed, no differences were seen in the numbers or size distribution of lamellar bodies per cell (Figure 6 (a) and (b)). However, when the phenotypes of the lamellar bodies were observed and quantified into two categories based on the presence of normal concentric, packed surfactant within the lamellar bodies, or those without organized lamellae or electrondense inclusions with a bubbly appearance that denote immature lamellar bodies 18, 27 (Figure 7 ), significant differences were noted (Figure 6(c) ). Lamellar bodies from mice receiving the empty pcDNA3 plasmid had high numbers of empty and immature lamellar bodies, whereas those from mice receiving pCMV-SPB or pUbC-SPB had a greater percentage of electron-dense lamellar bodies containing surfactant, with the pCMV-SPB plasmid showing statistically more dense and light lamellar bodies than the pUbC-SPB plasmid (Figure 6(c) ). Taken together with the overexpression and histology data, these results suggest that SPB expression may provide a physiological benefit to the mice. Compound SP-B transgenic mice (n ¼ 5) were either maintained on doxycycline (þDox) or were taken off doxycycline and 100 mg of each plasmid in 50 ml of 10 mM Tris, pH 8/1 mM EDTA/140 mM NaCl were delivered to the lungs by aspiration and electroporation using eight square wave pulses of 10 ms duration at a field strength of 200 V/cm as described in Materials and Methods. Four days later, lungs were removed from animals and a portion of the lungs was used for preparation of lysates for protein analysis by SDS-PAGE and Western blot using antibodies against mature SP-B. Blots were also reacted with antibodies against GAPDH to ensure appropriate loading. (b) Normalized densitometry of Western blot data. Intensities (mean AE st. dev.) of 18 kdal SP-B reactive bands from A were normalized to GAPDH expression. a, P < 0.005 compared to all other groups; b, P < 0.05 compared to No DNA group; c, P < 0.005 compared to No DNA group; and d, P < 0.005 compared to pcDNA3, by one-way ANOVA and post hoc Tukey multiple comparisons test
Survival of SP-B deficient mouse model after gene delivery and doxycycline removal
To evaluate the benefit of gene delivery on survival, the doxycycline diet was removed to shut off endogenous expression of SP-B, and mice were electroporated with SP-B plasmids on the same day. These mice were returned to the vivarium, maintained on a normal diet (no doxycycline), and followed at least twice daily for signs of impending respiratory failure. In all groups, death was preceded by severe respiratory distress and upon necropsy, lungs were edematous and showed signs of hemorrhage consistent with acute lung injury. 13 As previously reported, mice receiving no intervention became moribund between day 5 and 7 with a median survival time of 5.5 days, 15, 16 as did mice receiving empty plasmid (median survival of 6 days, Figure 8 ). Mice receiving pUbC-SPB had a median survival of 11 days with several animals living to 13 days and one even to 19 days. Mice receiving pCMV-SPB showed the greatest survival, with a median survival of 25 days with 100% of the mice surviving beyond 7 days (P < 0.02) and several mice surviving until day 40.
Discussion
Gene therapy for SP-B deficiency is an attractive treatment option. In the current study, we have demonstrated that electroporation-mediated gene delivery of human SP-B can improve median survival by 2-to 5-fold (5-25 days) in a compound SP-B knockout mouse model, without any adverse effects. Not only were improvements seen in survival, but also in lung histology at four days after gene transfer and at time of death. Electroporation has multiple advantages, including quick and easy application, simple and inexpensive production of plasmid with the gene of interest, and minimal inflammatory or trauma to the lungs of animals. 28, 29 To our knowledge, this is the first time electroporation has been studied to treat neonatal lung disease and may prove to be a promising treatment for other neonatal genetic lung diseases, such as cystic fibrosis, alpha antitrypsin1 deficiency, surfactant protein C (SP-C) deficiency or ABCA3 mutations.
Previous studies aimed at SP-B gene therapy have used adenoviral-mediated gene delivery to produce human SP-B expression in both in vitro and in vivo experiments. 8 In vitro experiments using adenoviral gene delivery to MLE 12 cells, which retain properties similar to alveolar type II cells but have low endogenous SP-B expression, showed increased SPB expression. In vivo experiments were performed in cotton rats that were infected with recombinant adenoviral vectors expressing hSP-B. Maximum expression of hSP-B mRNA was detected at 48-96 h post-infection and subsequently decreased to undetectable levels. Mouse and human SP-B mRNA production were differentiated and there was no change in mouse SPB of the infected group, nor were there any changes in SP-C expression or processing. 8 A mild, inflammatory response was noted in the lung samples of the adenovirus infected group, which resolved by three to four weeks post-infection. Clearly, in neonates that are sick and fragile, any such inflammation could be devastating. Unfortunately, in the absence of any disease model for SP-B deficiency or physiological data, no clinically applicable conclusion could be made.
Several more recent studies have focused on newer gene technologies for treatment of SP-B deficiency. In one, modified mRNA for hSP-B was used as a treatment for SP-B deficiency in the SP-B compound knockout mouse model used in the current study and had very promising results. 30 Kormann and his co-workers 31 delivered modified mRNA for hSP-B to the lungs of the SP-B compound knockout mice via an intratracheal spray method. By performing gene delivery twice weekly, survival improved up to 28 days off doxycycline. Improved survival, normalized lung function, minimal cytokine production, and 72% of normal SP-B protein expression were among the findings. At four days post mRNA, the histological and IHC findings were similar Compound SP-B transgenic mice (n ¼ 4) were either maintained on doxycycline or were taken off doxycycline and 100 mg of each plasmid was delivered to the lungs by electroporation as in Figure 1 . Four days later, lungs were removed from animals and inflation-fixed for paraffin embedding and thin sectioning. Sections were reacted with antibodies against SP-B (red) and ABCA3 (green), a marker of alveolar epithelial type II cells, followed by fluorescently-labeled secondary antibodies. Sections were reacted with DAPI (blue) to visualize nuclei. Two representative fields are shown for each experimental group. All images were taken at the same exposure and settings for each antibody. Bar ¼ 100 mm to ours, with increased edema and cellularity seen four days after gene delivery in the negative controls. However, there is still much to be learned about the stability and immune response of the body to mRNA delivery and complementary approaches are valuable. A second study from the same group developed a novel zinc finger nuclease to target the SP-B cassette and delivered this to the lung as a modified mRNA using chitosan-coated poly(lactic-co-glycolic) acid nanoparticles. 31 When delivered intratracheally along with Adeno-Associated virus 6 carrying a wild type copy of the intact SP-B gene as a donor template, gene correction was achieved and resulted in high SP-B protein levels for at least 20 days and enhanced survival for out to 35 days. While this approach did not elicit significant inflammation, the combined use of multiple delivery methods (non-viral and viral) could be cumbersome or a regulatory difficulty.
Our studies show that electroporation can be used to direct high level gene expression in the lung. [10] [11] [12] 32 The group of transgenic mice treated with either pUbC-hSPB or pCMV-hSPB had improved survival, strong protein expression, improved histology, and a higher percentage Compound SP-B transgenic mice (n ¼ 5) were either maintained on doxycycline or were taken off doxycycline and 100 mg of each plasmid (or no DNA) was delivered to the lungs by electroporation as in Figure 1 . Four days later, lungs were removed from animals and portions were homogenized for quantitation of myeloperoxidase activity and normalized to total cell protein (mean AE st. dev.)
of lamellar bodies filled with electron-dense, concentric material than the transgenic mice that received an empty plasmid. Most striking was the effects on survival, in which plasmids expressing SP-B from the UbC or CMV promoter increased median survival time by 2-or 5-fold, respectively. While animals receiving the UbC-SPB plasmid showed a classic survival curve, those receiving the CMV promoterdriven construct displayed a bimodal distribution of animals, in which approximately 40% of the animals lived four to five days longer on average than those receiving empty plasmids, and the remaining animals survived 20 to 30 days longer than their controls. One possibility is that there were two populations of SP-B mice with differing degrees of endogenous SP-B loss at the time of intervention, and in those that lost endogenous SP-B expression sooner showed less benefit from gene transfer at early times. However, if this were the case, similar curves would be expected for control and UbC plasmids as well. Alternatively, this could be due to the differential distribution of gene transfer and/or expression in these animals or to absolute levels of gene transfer and expression in each animal, which remains to be seen. Alternatively, it is possible that the UbC promoter-driven plasmids were delivered to and expressed in cells that are not normally SP-B producers. In support of this, animals receiving the pUbC-SPB plasmids showed some degree of high level gene expression in non-alveolar epithelial type II cells in the parenchyma and a large number of airway epithelial cells. By contrast, mice receiving the CMV promoterdriven plasmid showed most of their expression in alveolar epithelial type II cells and just a few airway epithelial cells. It is possible that this high level, potentially ''off-target'' expression in non-type II cells seen with the UbC construct, much of which could be non-processed proSP-B precursors, could lead to cell stress and outweigh the beneficial effects of correctly processed SP-B.
In the presence of doxycycline, we found that most alveolar epithelial type II cells (as defined by ABCA3 staining) also show positive staining for SP-B in these compound SP-B transgenic mice. However, we also detect occasional cells in the airway epithelium that are highly SP-B positive with greatly increased numbers of these cells in animals receiving the UbC promoter-driven plasmids. Club cells have been shown to express SP-B but secrete an incorrectly processed SP-B species and these could account for the SP-B positive cells we see. [33] [34] [35] [36] Other precursor progenitor cell populations exist in the airways that can give rise to alveolar epithelial type II cells but since they proliferate and differentiate only upon significant injury to the alveolar epithelium, it is unlikely that these cells account for those seen in our sections. 33, 37 However, it is also possible that our antibody, while only detecting the 18 kdal SP-B dimer on non-reducing gels also detects other forms of the protein in thin sections and that expression of high levels of SP-B in the airway represents mis-processed or non-processed SP-B.
Since both the UbC and the CMV promoters are ubiquitously active in most mammalian cells and electroporation delivers DNA to all cell types in the lung, 10 it is highly likely that the SP-B transgene is expressed in a number of nontype II cells throughout the lung. Since only alveolar type II cells have the appropriate machinery to properly process SP-B, 38 the consequences of immature SP-B expression in other lung cells are unclear. While the SP-B expressed in these non-type II cells will not be processed, it may be secreted since the transgene carries the endogenous signal peptide. 34 If secreted, it is possible that this immature, full length SP-B protein could be endocytosed by type II pneumocytes throughout the lung and subsequently correctly processed in the endosomes/lamellar bodies, as such surfactant recycling occurs as part of the normal physiology in the lung. 38 Thus, even if expressed in these other cell types and not correctly processed, the exogenously expressed SP-B could produce functional surfactant.
While the ultimate goal of most gene therapy approaches would be to permanently correct the genetic defect, this (d) ), pCMV-SPB (b) and (e), or pUbC-SPB (c) and (f) plasmids by electroporation on the same day that doxycycline was removed from their diet and the lungs were fixed four days later for transmission electron microscopy as described in Materials and Methods. Two separate representative alveolar type II cells are shown for each condition may not always be necessary. Indeed, in the case of the surfactant deficiencies, lung transplantation is a viable and highly successful treatment option resulting in approximately 40-50% survival at five years with normal lung function and quality of life in those infants that survive to transplantation. The average time of diagnosis of a genetic surfactant deficiency is 19 days post-delivery and the time between placing an infant on the transplant list and receiving an organ is 76 days. 5, 6 Since 30% of these infants die before transplantation, 6 it could be very efficacious to use gene therapy as a bridge between diagnosis and transplantation. If gene therapy using this or any approach can restore surfactant activity to the lungs even for one or more weeks, this could greatly increase their likelihood of surviving to transplantation.
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